The Delves micro-scale technique for blood lead analysis is an accurate method br screening capillary blood specimens, obtained by fingerstick, for lead intoxication. Results are affected by the age of cup, loop, and hollow-cathode tube and by the spatial relationship between optical tube and cup. Because the glass in many commercially available capillary tubes (used in specimen collection) contains lead and cannot be decontaminated, a lead-free glass tube must be used. A solution of citric acid in ethanol (20 g/liter) effectively cleanses the puncture site. A double-blind study of 207 specimens gave a mean value of 276.6 ± 105.8 sg/liter (1 SD) for the micro-scale method vs. 273.2 ± 99.0 for a macro-scale method. The mean coefficent of variation for the micro-scale method was 5.75% ± 1.9 (SD). We conclude that values of 480 tg/liter or below are not "toxic" (i.e., are significantly less than 600 tg/liter, the value at which therapy is begun). The method is shown to be satisfactory as a screening procedure and for confirming lead analyses done by other methods.
it requires considerable glassware. It is therefore costly in both labor and materials.
In screening for lead poisoning the subjects are usually one-to six-year-old children, who are difficult subjects for venipuncture, and screening programs would unquestionably be improved if a fingerstick method was available with which micro-scale samples of capillary blood could be used.
There are several critical aspects to such a program: a suitable method of analysis, a satisfactory collecting system that includes a lead-free microscale container, and correct preparation of the patient by making the puncture site lead-free. We have been evaluating the Delves system (1) for micro-scale lead analysis and various collecting systems as well as patient preparation.
The purpose of this report is to describe the unexpected difficulties associated with such analyses and our successful efforts to resolve them.
We also describe results of double-blind measurements on samples of venous blood analyzed by macro-and micro-scale techniques in two different laboratories.
MaterIals and Methods

Sample
The specimens examined were the following four groups:
1. 207 venous blood specimens, selected without conscious bias from specimens collected at the New York City Department of Health Laboratories, were used in studying the correlation between results by the macro-and micro-scale procedures.
2. Two hundred ninety-nine specimens were obtained by finger-stick from patients with various illnesses in the Pediatric Screening Clinic and Wards at Fordham Hospital. These specimens were selected without conscious bias from one-to six-year-old patients.
3. Four specimens from the B.C.E.M., Childhood Lead Poisoning Control Branch, U.S. Dept. of H.E.W., were supplied as part of their national quality-control program for assessing the accuracy of the Delves method.
These specimens were also used to determine the precision of the method in our laboratory. 4. To determine suitability of special capillary tubes for use as specimen containers in the screening program, we collected 50 blood samples in them and in lead-free Vacutainers (Becton Dickinson Co., Rutherford, N. J. 07070).
Instrumental Variables
We used the method as described by Delves (1, 2) The nickel loop that holds the cup has a life expectancy of about 250 samples (about 750 flamings). One solution to the clotting problem was to use a heparmnized capillary tube as a "guide" from the source of blood directly into the bottom of a plastic micro tube, such as is used in the Beckman microchemical system (Beckman Instruments, Inc., Fullerton, Calif. 02634). When capped, these are easily and thoroughly mixed and uniform aliquots may be obtained from them when needed. This system proved to be more cumbersome than the tube adopted later.
We evaluated the Becton-Dickinson "Unopette" and "Capillector" and rejected them after failing to achieve reproducible results. The "Unopette" is meant for field use and if not properly used may be over-or underfilled, leading to unpredictable error. The "Capillector" is a small, heparinized plastic vial into which blood from a free-flowing puncture is permitted to drip. In our experience, such a puncture is not easy to obtain and persons drawing blood samples are frequently observed wiping the finger tip with the mouth of the vial to collect an adequate sample. Results showed poor correlation with venipuncture specimens on the same patient. If the blood is stored in the Caraway tube overnight, however, the lead content of the blood in the micro tube progressively increases, because lead is leached from the glass.
At this time, the only system we have found to be completely satisfactory for microsample collection is that produced by Environment Sciences Associates, Inc., Burlington, Mass. 01803. Their product is a lead-free lOO-tl capillary tube, capped at both ends with a lead-free plastic closure and containing deleaded heparin as anticoagulant.
Analysis of venipuncture and finger-stick samples from the same patients with use of lead-free Vacutainers and tubes from E.S.A. seemed to demonstrate the superiority of this tube, which is probably the combined result of the careful decontamination and the protected ends, which are sealed until use.
The puncture site may be cleaned by spraying with a solution of citric acid (20 g/liter in 70% ethanol) followed by a second spray rinse with 70% ethanol and blotting dry with a sterile gauze. We have not found it necessary to wash the site with soap and water.
For measurement of the sample in the laboratory the Eppendorf (Brinkmann Instruments Inc., Westbury, N. Y. 11590) pipet and tips are the only ones we have found to be satisfactory. Substitution of other pipets or tips usually resulted in decreased precision. Blood specimens with an abnormally high hematocrit have an increased viscosity, drain poorly from pipets, and leave a substantial amount of sample in the tip. It is advisable to remove the pipet from the tip while the plunger is still depressed, release the plunger, reattach to the pipet tip, and expel the remaining sample.
Precision is enhanced by freezing the blood specimens overnight to hemolyze the cells. After mixing, the blood solution is of uniform lead concentration.
Cell sedimentation may otherwise be a major source of error.
Results and Discussion
Bearing in mind that the purpose of this investigation was to evaluate a lead "screening" method, we were prepared to accept lower precision than would be tolerated in the usual clinical studies of lead intoxication.
Two their susceptibility to lead contamination we concluded that the E.S.A. capillary tubes and the method of specimen collection satisfactorily overcame this problem. Samples were collected from 20 patients in the previous group by venipuncture and by fingerstick and analyzed by the micro-scale procedure. Paired-t analysis gave a value of 2.097 (critical t = 2.093 at P = 0.05), indicating no significant difference in these samples. The precision for replicates was assessed by analyzing four specimens received from the B.C.E.M. These were specially prepared for blood lead analysis by that agency and were kept frozen between testing. The specimens were run at irregular intervals during two months by the same analyst. Table 2 gives the re- 
